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1.0  INTRODUCTION 

Within  the  last  few  years,  the  demand  for  more  accurate  wind  tunnel  data  has  placed 
greater  emphasis  on  the  evaluation  of  sting-support  interference  effects.  Often,  an 
aerodynamicist  must  understand  support  interference  to  accurately  predict  full-scale  flight 
vehicle  characteristics  based  on  wind  tunnel  data.  To  obtain  information  on  the  evaluation 
of  support  interference  effects,  a  continuing  research  program  was  initialed  at  the  Arnold 
Engineering  Development  Center  (AEDC)  von  Karman  Gas  Dynamics  Facility  (VKF)  in 
1976;  the  results  of  various  previous  tests  supporting  this  research  program  are  documented 
in  Refs.  1  though  4.  Briefly,  the  history  of  this  research  program  may  be  summarized  as 
follows: 

1.  1976  — investigated  the  effects  of  support  interference  on  dynamic 

stability  and  base-pressure  measurements  of  a  7-deg  cone  at 
Mach  number  3  (Ref.  I); 

2.  1977,  1978  —  extended  the  Mach  range  of  previous  work  to  span  the  Mach  2- 

to  8-range  and  investigated  interference  effects  on  both  base-  and 
surface-pressure  measurements  of  a  6-deg  sliced-base  cone  (Ref. 

2); 

3.  1979  —  concluded  the  investigation  of  support  interference  effects  on  the 

7-deg  cone  by  extending  the  previous  range  to  encompass 
subsonic  and  transonic  Mach  numbers  (Refs.  3  and  4). 

The  present  work  extends  the  1979  research  in  the  subsonic-transonic  region  to  include  the 
testing  of  a  typical  aircraft  configuration.  Future  programs  are  planned  at  AEDC  to  extend 
the  present  research  to  the  testing  of  a  typical  missile  configuration. 

> 

The  primary  objective  of  the  1980  research  was  to  define  critical  sting  lengths  for  a 
typical  aircraft  configuration  in  subsonic  and  transonic  flow.  Critical  sting  length  is 
generally  defined  as  the  shortest  sting  length  that  does  not  change  the  level  of  an 
aerodynamic  measurement  obtained  with  longer  stings.  In  this  report  the  critical  sting 
lengths  are  defined  by  the  measurements  of  pitch-damping  derivatives,  yaw-damping 
derivatives,  pitching  moment  slope,  yawing  moment  slope,  static  pitching  moment,  and  base 
pressure.  A  secondary  objective  was  to  investigate'  the  influence  of  sting  diameter 
interference  effects. 

The  test  model  was  the  Standard  Dynamics  Model  (SDM).  The  forced-oscillation 
technique  was  used  to  obtain  data  at  model  oscillation  amplitudes  of  1.0,  1.5,  and  2.0  deg. 
The  frequency  of  oscillation  was  nominally  5.2  Hz.  Data  were  obtained  at  angles  of  attack 
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from  -6  10  25  deg  al  Mach  numbers  0.3  to  1 .3.  The  effective  sting  length  was  varied  from  1  to 
6  model  diameters  by  positioning  a  conical  flare  at  various  stations  along  the  sting  for  sting 
diameters  of  0.40,  0.65,  and  0.73  model  diameters.  The  Reynolds  number  per  foot  ranged 
from  0.5  x  106  to  5.0  x  10h,  and  the  reduced  frequency  parameter  (u>d/2V)  varied  from  0.009 
to  0.032.  The  lest  was  conducted  in  the  Propulsion  Wind  Tunnel  Facility  (PWT), 
Aerodynamic  Wind  Tunnel  (4T)  from  June  2  —  10,  1980  (pitch  phase),  and  from  September 
6  —  10,  1980  (yaw-  phase).  The  test  data  in  this  report  are  also  documented  in  Ref.  5. 

This  report  will  focus  primarily  on  the  effects  of  sting  interference  on  the  SD\1.  In 
addition,  the  basic  aerodynamic  characteristics  of  the  SDM  are  presented  in  the  Appendix. 
These  characteristics  were  obtained  both  during  the  present  interference  investigation  and 
from  previously  unpublished  data  obtained  at  AEDC. 

Although  an  analysis  of  sting  interference  effects  at  subsonic  and  transonic  Mach 
numbers  on  general  model  configurations  is  beyond  the  scope  of  this  report,  the  results  of 
this  report  should  be  applicable  to  similar  aircraft  and  wing  configurations  mounted  on 
similar  sting  supports.  For  further  information  on  support  interference  in  general,  the  reader 
is  referred  to  the  extensive  bibliography  of  Ref.  2. 

2.0  APPARATUS 


2.1  TEST  FACILITY 

The  Aerodynamic  Wind  Tunnel  (4T)  is  a  closed-loop,  continuous-flow,  variable-density 
tunnel  in  which  the  Mach  number  can  be  varied  from  0.1  to  1.3  and  can  be  set  at  discrete 
Mach  numbers  of  1.6  and  2.0  by  placing  nozzle  inserts  over  the  permanent  sonic  nozzle. 
Stagnation  pressure  can  be  varied  from  400  to  3,400  psfa  at  all  Mach  numbers.  The  test 
section  is  4  ft  square  and  12.5  ft  long  with  perforated,  variable-porosity  (0.5-to  10-percent 
open)  walls.  It  is  completely  enclosed  in  a  plenum  chamber  from  which  the  air  can  be 
evacuated,  allowing  part  of  the  tunnel  airflow  to  be  removed  through  the  perforated  walls  of 
the  test  section.  The  model  support  system  consists  of  a  sector  and  boom  attachment  which 
has  a  pilch  angle  capability  of  -7.5  to  28  deg  with  respect  to  the  tunnel  centerline  and  a  roll 
capability  of  -180  to  180  deg  about  the  sting  centerline.  Reference  6  gives  a  more  complete 
description  of  the  tunnel. 

2.2  TEST  ARTICLE  ANI)  STING  HARDWARE 

The  Standard  Dynamics  Model  (SDM)  represents  a  1/18-scale  fighter-type  aircraft.  Basic 
details  of  the  SDM  are  shown  in  Fig.  1,  and  pertinent  dimensions  are  listed  in  Table  I.  The 
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model  has  a  19.8-in.  wing  span  and  double-taper  leading  and  trailing  edges  on  the  wing, 
slabilators,  and  vertical  tail.  The  stabilators  may  be  deflected  in  increments  of  ±5  deg.  All 
external  components  (i.e.,  wings,  stabilators,  inlet,  ventral  fins,  canopy,  and  so  forth)  may 
be  removed  for  buildup  testing  as  desired.  The  model  base  diameter  (d)  is  4.375  in.  The 
model  was  constructed  of  stainless  steel,  aluminum,  and  Densiloy®;  both  design  and 
fabrication  were  performed  at  AEDC. 

Table  2  lists  and  describes  the  SDM  configurations  tested  during  this  investigation. 
Additional  information,  including  complete  details  of  the  various  SDM  components,  may 
be  found  in  Ref.  5. 

Figure  2  shows  a  photograph  of  a  typical  model-sting  configuration  installed  in  Tunnel 
4T.  The  sting  configuration  shown  in  Fig.  2  is  the  "baseline”  or  minimal  interference 
configuration,  with  the  longest  effective  sting  length  (fs)  and  smallest  sting  diameter  (ds).  For 
the  smallest  sting  diameter  configuration  (ds/d  =  0.40),  the  effective  sting  length  was 
shortened  by  positioning  a  conical  steel  flare  (Fig.  3)  at  stations  2.0,  3.0,  4.0,  5.0,  5.6,  and 
5.7  model  diameters  to  the  rear  of  the  model  base  along  the  sting.  Without  the  conical  steel 
flare  installed,  the  effective  sting  length  was  6.0  model  diameters.  The  flare  was  mounted  to 
the  motor  housing  of  the  test  mechanism  and  did  not  come  in  contact  with  the  sting  forward 
of  the  motor  housing. 

For  the  larger  sting  diameter  configurations  (ds/d  =  0.65  and  0.73)  (Fig.  4),  the  steel 
conical  flare  was  positioned  fully  aft  of  the  model  (against  the  motor  housing  as  shown  in 
Fig.  3b),  Two  different  sets  of  split  tubes  were  mounted  to  the  front  end  of  this  flare.  The 
tubes  were  designed  to  split  into  halves  to  facilitate  installation  without  removing  the  model. 
The  split  tubes  were  installed  such  that  their  parting  line  was  in  the  vertical  plane.  The 
effective  sting  length  was  shortened  by  positioning  a  Lexan®  flare  on  the  split  tubes  1.0,  2.0, 
3.0  and  4.0  model  diameters  to  the  rear  of  the  model  base  along  the  sting.  Without  the  Lexan 
flare,  the  effective  sting  length  was  5.6  model  diameters.  No  part  of  the  sting  diameter 
hardware  touched  the  sting  forward  of  the  motor  housing  although  the  sting  was  subject  to 
static  and  dynamic  deflections  within  the  tubes. 

2.3  TEST  MECHANISM 

The  VKF  l.C  Forced-Oscillation  Test  Mechanism  (Fig.  5)  utilizes  a  cross-flexure  pivot, 
an  electric  shaker  motor,  and  a  one-component  moment  beam  which  is  instrumented  with 
strain  gages  to  measure  the  forcing  moment  of  the  shaker  motor.  The  motor  is  coupled  to 
the  moment  beam  by  means  of  a  connecting  rod  and  flexural  linkage  which  converts  the 
translational  force  to  a  moment  to  oscillate  the  model  at  amplitudes  up  to  3  deg  (depending 
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on  flexure  balance)  and  frequencies  from  2  to  8  Hz.  The  cross  flexures,  which  are 
instrumented  to  measure  the  pitch  or  yaw  displacement,  support  the  model  loads  and 
provide  the  restoring  moment  to  cancel  the  inertial  moment  when  the  system  is  operating  at 
its  natural  frequency.  The  moment  beam  is  not  subjected  to  the  static  loads  and  can  be  made 
as  sensitive  as  required  for  the  dynamic  measurements. 

Data  from  this  test  were  obtained  with  the  0. 180-in.-thick  cross  flexures,  which  have  a 
stiffness  of  962.5  ft-lb/radian.  The  moment  beam  used  to  measure  the  pitch-damping 
moments  was  0.047-in.  thick  and  was  designed  for  a  maximum  moment  of  11.3  in.-lb.  For 
measuring  the  yaw-damping  moments,  the  moment  beam  was  0.036  in.  thick  and  was 
designed  for  a  maximum  moment  of  7.1  in.-lb. 

The  cross-flexure  pivot,  moment  beam,  and  flexural  linkage  assembly,  are  supported  by 
a  long,  slender  cylindrical  sting  with  a  1-deg  taper.  The  sting  is  instrumented  with  strain 
gages  to  measure  the  static  and  oscillatory  deflections  of  the  sting  in  both  the  pitch  and  yaw- 
plane.  A  penumatic-  and  spring-operated  locking  device  is  provided  on  the  balance  to  hold 
the  model  during  tunnel  startup  and  shutdown. 

2.4  TEST  INSTRUMENTATION 

2.4.1  Forced-Oscillation  Instrumentation 

The  forced-oscillation  instrumentation  (Ref.  7)  uses  an  electronic  analog  system  with 
precision  electronics.  The  control,  monitor,  and  data  acquisition  instrumentation  are 
contained  in  a  portable  console  that  can  be  interfaced  easily  with  the  instrumentation  of  the 
various  wind  tunnels  at  AEDC.  The  control  instrumentation  provides  a  system  that  can  vary 
the  oscillation  amplitude  of  the  model  within  the  flexure  limits.  An  electronic  feedback  loop 
controls  the  oscillation  amplitude,  thereby  permitting  testing  of  both  dynamically  stable  and 
unstable  configurations.  Data  are  normally  obtained  at  or  near  the  natural  frequency  of  the 
model  flexure  system;  however,  the  electronic  resolvers  permit  data  to  be  obtained  off 
resonance. 

All  gages  arc  excited  by  d-c  voltages,  and  outputs  are  increased  to  optimum  values  by  d-c 
amplifiers.  Typical  balance  outputs  from  an  oscillating  model  arc  composed  of  oscillatory 
components  (OC)  superimposed  on  static  components  (SC).  These  components  are 
separated  by  band-pass  and  low-pass  filters.  The  SC  outputs  are  used  to  calculate  the  static 
moment  coefficients  and  static  sting  deflections.  The  OC  outputs  are  input  to  the  resolver 
instrumentation  and  precise  frequency  measuring  instrumentation.  The  resolvers  utilize  very 
accurate  analog  electronic  devices  to  process  the  OC  signals  and  output  d-c  voltages.  The 
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output  d-c  voltages  are  proportional  to  the  amplitude  squared,  the  in-phase  and  quadrature 
(90-deg  out-of-phase)  balance  components  (forcing  torque),  and  the  in-phase  and 
quadrature  sting  components.  An  analog-to-digital  (A/D)  converter  converts  these  outputs 
to  digital  signals.  The  data  are  recorded  for  a  designated  period  of  time  ranging  from 
approximately  2  to  60  sec  at  a  sample  rate  appropriate  for  the  type  of  test  and  wind  tunnel. 

2.4.2  Model  Base  Pressure  Instrumentation 

Model  base  pressure  was  measured  with  two  pressure  transducers  located  on  the  tunnel 
plenum  chamber  wall.  The  base  pressure  orifices  (0.062  in.  ID)  were  located  on  the  surface 
of  the  sting  at  the  model  base  plane. 

3.0  TKST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURES 

3.1.1  General 

Table  3  summarizes  the  nominal  test  conditions  at  each  Mach  number,  and  Table  4  gives 
the  test  summary.  The  reduced  frequency  parameter  (ud/2V)  ranged  from  0.009  radians  at 
Mach  1.3  to  0.032  radians  at  Mach  0.3.  The  nominal  oscillation  frequency  was  5.2  Hz.  Most 
of  the  data  were  obiained  at  an  oscillation  amplitude  of  1.0  deg,  but  amplitudes  of  1.5  and 
2.0  deg  were  also  used  for  selected  conditions. 

The  test  was  conducted  in  two  phases:  the  pitch  phase  (June  2  —  10,  1980)  and  the  yaw 
phase  (September  6  —  10,  1980).  Testing  procedures  for  the  yaw  phase  were  identical  to 
those  for  the  pilch  phase,  except  that  the  test  mechanism  was  rolled  4-  90  deg  from  the  pitch 
plane  to  the  yaw  plane.  In  addition,  guy-rod  stiffeners  were  attached  to  the  sector  and  boom 
assembly  to  help  dampen  vibration  of  the  boom  in  yaw  during  the  yaw  phase. 

3.1.2  Data  Acquisition 

After  tunnel  conditions  and  model  attitude  were  established,  the  model  was  unlocked 
and  brought  to  a  consrant  oscillation  amplitude  of  1.0,  1.5,  or  2.0  deg  by  use  of  the  Forced- 
Oscillation  Control  System.  The  syslem  was  allowed  to  stabilize  at  the  system  resonant 
frequency  before  the  data  (including  base  pressure)  were  recorded.  Data  were  obiained  over 
a  30-scc  lime  interval  at  each  data  point.  The  balance  and  sting  gage  outputs  and  the 
frequency  instrumentation  outputs  were  read  from  the  forced-oscillation  instrumentation 
console  by  a  Digital  Data  Acquisition  Syslem  (DDAS),  at  a  rate  of  approximately  200 
samples  per  second. 
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The  Automatic  Model  Attitude  Positioning  System  (AMAPS)  controlled  the  model 
position.  The  model  angle-of-attack  requirements  were  programmed  into  the  AMAPS  prior 
to  the  test.  After  data  were  obtained  at  a  given  angle  of  attack,  the  AMAPS  was  manually 
activated,  and  the  model  was  automatically  pitched  to  the  next  required  angle  of  attack. 

3.2  1IATA  REDUCTION 

Data  from  the  DDAS  were  combined  with  tunnel  model  attitude  and  base  pressure 
instrumentation  data  and  sent  directly  to  a  DEC- 10  System  computer.  Average  values  of  the 
balance  and  sling  gage  outputs  were  calculated  by  the  computer  and  were  used  in 
conjunction  with  the  remaining  DDAS  outputs  to  calculate  the  dynamic  derivatives.  Both 
the  SC  and  OC  sting  gage  outputs  were  used  to  correct  the  data  for  sting  bending  effects. 
The  data  reduction  method  is  given  in  Refs.  7  and  8. 

3.3  UNCERTAINTY  OF  MEASUREMENTS 

In  general,  instrumentation  calibrations  and  data  uncertainty  estimates  were  made  using 
methods  recognized  by  the  National  Bureau  of  Standards  (NBS)  (Ref.  9).  Measurement 
uncertainty  is  a  combination  of  bias  and  precision  errors  defined  as 

U  =  +  (B  +  t95S) 

where  B  is  the  bias  limit,  S  is  the  sample  standard  deviation,  and  t$j  is  the  95th  percentile 
point  for  the  two-tailed  Students  “r”  distribution,  which  equals  2  for  degrees  of  freedom 
greater  than  30. 

Estimates  of  the  measured  data  uncertainties  for  this  test  are  given  in  Tables  5a  and  b. 
The  balance  data  uncertainties  were  determined  from  in-place  static  and  dynamic 
calibrations  made  through  the  data  recording  system  and  data  reduction  program.  Static 
load  hangings  on  the  balance  and  sting  simulate  the  range  of  loads  anticipated  during  the 
rest,  and  measurement  errors  are  based  on  differences  between  applied  loads  and 
corresponding  values  calculated  from  the  equations  used  in  the  data  reduction.  Load 
hangings  to  verify  the  balance  calibrations  were  made  in  place  on  a  special  calibration 
model.  Uncertainties  in  the  measurements  of  sting  effects  were  included  in  the  error  analysis. 
To  evaluate  the  still-air  damping  contribution,  structural  damping  values  were  obtained  at 
near-vacuum  conditions  before  the  tunnel  flow  was  started. 

Propagation  of  the  bias  and  precision  errors  of  measured  data  through  the  calculated 
data  was  made  in  accordance  with  Ref.  9;  the  results  are  given  in  Table  5c.  The  uncertainties 
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are  for  steady-state  conditions.  Occasionally,  vibration  and  noise  of  the  wind  tunnel 
environment  caused  the  scatter  in  the  data  10  exceed  the  estimated  uncertainty. 

4.0  RESULTS  AND  DISCUSSION 

The  Appendix  should  be  consulted  for  prefatory  information  on  the  static  and  dynamic 
characteristics  of  the  model.  The  characteristics  presented  include  Cn,  C*,  Q,  Cin,  Cy,  Cn, 
Crjj  cos  a,  C,nq  +  Clll(j,  C„T  -  Ca6  cos  a,  and  base-pressure  data  as  functions  of  angle 
of  attack  and  Mach  number,  obtained  from  the  present  test  and  other  sources.  The 
Appendix  also  presents  (1)  comparison  plots  of  C,„  and  C111ci  obtained  from  different  wind 
tunnel  tests  to  establish  the  validity  of  the  present  data,  (2)  effects  of  Reynolds  number  on 
static  and  dynamic  derivatives  and  base  pressure,  and  (3)  effects  of  oscillation  amplitude  on 
pitch-  and  yaw-damping  derivatives. 

Results  and  discussions  of  particular  aspects  of  the  sling  interference  investigation  on  the 
SDM  are  presented  as  follows:  Section  4.1  discusses  the  effects  of  sting  length  as  a  function 
of  angle  of  attack,  and  is  divided  into  subsections  pertaining  to  these  effects  on  specific 
measurements.  Next,  Sec.  4.2  discusses  ihe  use  of  sting  length  interference  data  obtained  at 
zero  angle  of  attack  to  represent  sting  length  interference  over  the  angle-of-attack  range. 
Finally,  Sec.  4.3  discusses  the  combined  interference  effects  of  sting  length  and  diameter  at 
zero  angle  of  attack,  and  is  also  subdivided  into  subsections  pertaining  to  specific 
measurements.  Unless  otherwise  noted,  all  lines  faired  through  the  data  presented  in  this 
section  correspond  to  either  the  largest  ij d  or  smallest  ds/d  (the  minimal  interference  data) 
which  was  tested. 

4.1  STING  INTERFERENCE  AS  A  FUNCTION  OF  ANGLE  OF  ATTACK 

Presented  in  this  section  are  the  effects  of  sting  length  interference  on  static  and  dynamic 
parameters  as  a  function  of  angle  of  attack.  Sting  diameter  effects  were  investigated  at  zero 
angle  of  attack  and  will  be  presented  later.  All  results  in  this  section  are  based  on  the  data 
obtained  with  the  smallest  sting  diameter  (dv/d  =  0.40). 

4.1.1  C,n  Measurements 

Figure  6a  shows  a  typical  variation  of  Cn)  with  sling  length  as  a  function  of  angle  of 
attack.  This  plot  is  representative  of  the  interference  effects  at  other  Mach  numbers  in  that, 
generally,  no  sling  length  effects  were  found  over  the  anglc-of-atiack  range  investigated.  An 
exception  to  this  is  the  data  Tor  Mach  number  0.95,  for  which  decreasing  effective  sting 
length  produced  a  slight,  desiablizing  effect  at  the  higher  angles  of  attack  (Fig.  6b). 
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4.1.2  CmQ  Measurements 

Figure  7a  shows  a  typical  variation  of  Cma  with  sting  length  as  a  function  of  angle  of 
attack.  Essentially  no  effects  of  sting  length  on  CMa  were  found  at  any  substantial  angle  of 
attack  although  slight  effects  were  observed  at  zero  angle  of  attack  at  Mach  number  0.95, 
These  slight  effects  are  shown  in  Fig.  7b  and  are  discussed  in  more  detail  in  Sec.  4.3.1. 

4.1.3  CnjJ  cos  a  Measurements 

Typical  sting  length  interference  effects  on  the  measurement  of  Cn^  cos  a  as  a  function  of 
angle  of  attack  are  shown  in  Fig.  8a.  In  general,  no  interference  effects  were  found,  with  two 
exceptions  at  Mach  numbers  1.10  and  0.95.  The  Mach  1.10  data  revealed  significant  inter¬ 
ference  effects  at  a  -  0,  as  shown  in  Fig.  8b.  The  slight  interference  effects  again  noted  at 
Mach  0.95  at  a  =  0  are  discussed  in  Sec.  4. 1 .4. 

4.1.4  Cmij  4-  Cm^  Measurement 

Figure  9a  shows  a  typical  variation  of  Clllc(  +  CITlfj  with  sting  length  as  a  function  of 
angle  of  attack.  This  figure  is  typical  of  the  negligible  effects  of  sting  length  found  at  all 
Mach  numbers  tested  except  for  Mach  number  0.95.  The  data  obtained  at  M  =  0.95  (Fig. 
9b)  indicated  that  interference  is  dynamically  destabilizing  at  all  angles  of  attack  (from  -4  to 
14  deg)  although  it  is  most  pronounced  in  the  0-  to  8-deg  range. 

4.1.5  C„r  -  C„j  cos  a  Measurement 

Essentially  no  interference  effects  were  found  at  Mach  number  0.6  at  all  angles  of  attack. 
Data  at  VI  =  1.3  (Fig.  10a)  showed  a  slight  effect  only  at  a  =  0.  Interference  at  M  =  0.95 
and  1.10  (Figs.  10b  and  10c,  respectively)  showed  a  substantially  larger  influence  at  ct  =  0 
than  did  the  M  =  1.3  data,  with  the  interference  diminishing  with  increasing  angle  of  attack. 
No  effects  were  found  at  M  =  0.95  for  a  >  8  deg.  In  all  cases,  the  interference  effects 
increased  the  magnitude  of  C,ir  ^-n  j  cos  a  (increased  dynamic  stability). 

4.1.6  pb/p  Measurement 

With  the  exception  of  the  data  obtained  at  M  =  1.3,  the  level  of  sting  length  interference 
on  Pb/p  was  virtually  constant  at  all  angles  of  attack,  as  the  typical  plot  in  Fig.  1  la  shows.  At 
M  =  1 .3  (Fig.  1  lb),  interference  gradually  decreased  from  a  maximum  at  a  -  0  to  no  effect 
at  a  -  14  deg.  At  all  Mach  numbers,  the  interference  effect  increased  the  base-pressure 
ratio. 
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4.2  STING  LENGTH  EFFECTS  AT  a  =  0 

The  preceding  summaries  of  data  showed  that  for  all  measurements  investigated,  sting 
length  interference  effects  usually  peaked  in  the  neighborhood  of  a  =  0.  Generally,  the 
interference  effects  gradually  decreased  as  angle  of  attack  increased.  Thus,  the  definition  of 
critical  sting  length  based  solely  on  data  at  a  =  0  is  representative  of  sting  length 
interference  at  angles  of  attack  in  the  range  from  -4  to  14  deg  (and  possibly  higher). 
However,  at  angles  of  attack  other  than  zero,  this  value  of  critical  sting  length  may  be 
significantly  conservative.  The  influence  of  sting  diameter  effects  combined  with  sting  length 
effects  must  be  considered  before  any  conclusions  can  be  made  about  critical  sting  length. 
Both  of  these  effects  and  the  definition  of  critical  sting  length  for  various  measurements  and 
Mach  numbers  will  be  discussed  in  Section  4.3. 

A  limited  investigation  of  oscillation  amplitude  effect  on  critical  sting  length  determined 
by  the  measurement  of  Cm(|  +  Cm(i  was  conducted  at  Mach  numbers  0.30,  0.60,  0.95,  1.10, 
and  1.30  at  a  =  0  with  the  smallest  sting  diameter.  Although  the  magnitude  of  Cmq  +  Cm(j 
changed  as  a  function  of  amplitude  at  some  Mach  numbers,  a  critical  sting  length 
dependence  on  amplitude  was  not  found  (only  amplitudes  of  6  =  1  and  2  deg  were  tested). 

4.3  COMBINATIONS  OF  STING  LENGTH  AND  DIAMETER 
INTERFERENCE  EFFECTS  AT  a  =  0 

The  variations  of  the  parameters  Cma,  cos  a,  Cmq  +  C^,  Cnr  -  Cn$  cos  a,  and 
Pt/P  with  effective  sting  length  ratio  (fs/d)  are  shown  in  Figs.  12  through  16  for  several  sting 
diameter  ratios  (d,/d).  Each  parameter  will  be  discussed. 

4.3.1  Cmur  Measurement 

Figure  12  indicates  that  for  the  range  of  sting  diameters  tested,  is  largely 
independent  of  sting  diameter  at  all  Mach  numbers  and  shows  a  slight  dependency  on  sting 
length  at  M  =  0.95.  Sting  length  interference  effects  at  M  =  0.95  were  characterized  by  a 
decrease  in  static  pitch  stability  (increased  Cm<x ).  From  the  faired  lines  in  Fig.  12,  the  critical 
sting  length  ratio  (fcr/ d)  is  defined  at  M  =  0.95  as  equal  to  an  fs/d  of  3,  and  4r/d  is  undefined 
at  the  other  Mach  numbers.  For  Mach  numbers  other  than  0.95,  it  can  be  concluded  from 
Fig.  12  that  either  fcr/d  s  2  or  that  Cma  is  independent  of  fs/d. 

4.3.2  Cn(J  cos  a  Measurement 

The  effects  of  both  sting  length  and  diameter  on  Cnj3  cos  a  are  shown  in  Fig.  13.  At  M  = 
0.95,  sting  length  effects  caused  a  decrease  in  cos  a,  with  a  resulting  £.r/d  of  2.  Also, 
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sting  diameter  effects  at  Mach  number  0.95  were  essentially  negligible  for  the  range  of  sting 
diameters  tested.  No  conclusions  can  be  drawn  at  M  =  0.3  because  of  insufficient  data.  No 
effect  pf  sting  length  or  sting  length  or  diameter  was  found  in  Ciy  cos  a  at  any  other  Mach 
numbers. 

4.3.3  Cmi|  +  Cm-  Measurement 

Interference  effects  on  +  'C,,^  are  shown  in  Fig.  14.  At  M  =  0.3,  Clll()  +  C„1(-  did 
not  reveal  any  sting  length  effects  (fL-r/d  undefined)  but  did  show  that  the  larger  sting 
diameters  produced  Iowct  levels  of  C,,^  +  C,,,^ .  The  data  at  M  =  0.6,  1.1,  and  1.3 
indicated  no  consistent  diameter  effects  and  also  yielded  an  undefined  value  of  fc,/d. 
Significant  sting  length  effects  were  found,  however,  at  M  =  0.95.  For  this  ease,  a  decrease 
in  fs/d  resulted  in  a  decrease  in  C111q  ±  C„1(;,  and  an  f/d  of  3  is  apparent.  A  similar  trend  of 
decreased  Clllq  +  Cniti  with  decreased  e/d  at  M  =  0.95  was  also  observed  on  a  flat-based 
7-deg  cone,  as  described  in  Refs.  3  and  4. 

4.3.4  C„r  -  Cnjj  cos  a  Measurement 

Figure  15  depicts  the  variation  of  C„r  -  Cnjj  cos  a  with  e/d  for  two  sting  diameters. 
Both  sting  length  and  diameter  interference  effects  are  obvious  at  Mach  0.95,  1.10,  and  1.30. 
No  consistent  diameter  effects  are  apparent  at  Mach  number  0.6,  and  no  conclusions  can  be 
made  at  M  =  0.3  because  of  insufficient  data.  These  trends  show  an  obvious  fs/d  of  4  at 
Mach  number  0.95;  at  M  =  l.lOand  1.30,  the  <.,/d  is  assumed  to  be4.  At  M  =  0.6,  f„,/d  is 
undefined  for  the  range  of  f,/d  investigated.  These  values  of  fa/d  apply  only  to  a 
corresponding  d/d  of  0.4.  A  critical  sting  length  is  not  made  apparent  by  the  data  obtained 
with  a  d/d  of  0.65.  In  summary,  for  the  data  in  Fig.  15  at  Mach  numbers  where  interference 
effects  were  observed  (M  =  0.95,  1.10,  and  1 .30),  sting  length  effects  are  characterized  by  an 
increase  in  yaw  damping,  whereas  the  sting  diameter  effect  was  generally  characterized  by  a 
decrease  in  yaw  damping. 

4.3.5  pb/p  Measurement 

The  base-pressure  measurements  (nondimensionalized  by  the  free-stream  static  pressure) 
are  presented  in  Fig.  16  in  three  separate  plots  of  pb/p  vs  Ps/d:  one  plot  for  each  value  of  d/d 
(viz.,  0.40,  0.65,  and  0.73).  Referring  to  the  plot  of  d/d  =  0.4  (Fig.  16a)  makes  the 
variation  of  pb/p  with  f/d  immediately  apparent,  with  clear  definitions  of  f^/d  of  3  at  M  = 
1 .3  and  0.6,  of  4  at  M  =  1 . 1 ,  and  of  5  at  M  =  0.95.  Because  the  base-pressure  ratio  is  very 
close  to  unity  at  M  =  0.3,  a  definition  of  fcr/d  is  not  attempted  at  this  Mach  number. 
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The  data  obtained  with  a  ds/d  of  0.65  and  0.73  (Figs.  I6b  and  16c)  are  relatively  similar, 
and  essentially  show  a  higher  value  of  pb/p  at  each  Mach  number  and  yd  than  do  the  data 
obtained  with  a  ds/d  of  0.4  (Fig.  16a).  It  is  not  known  why  the  data  at  an  fs/d  of  5.6  at  each 
Mach  number  show  a  pronounced  increase  in  pb/p  for  ds/d  =  0.65  and  0.73  (Figs.  16b  and 
16c),  but  it  is  believed  to  be  caused  to  some  extent  by  the  presence  (or  lack)  of  the  conical 
Lexan  flare  (Fig.  4).  At  y d  <  4,  this  flare  is  mounted  on  the  sting  diameter  tubes,  whereas  it 
is  removed  for  an  fs/d  =  5.6.  Apparently,  then,  the  flow  expansion  over  the  rearward  edge 
of  the  Lexan  flare  produces  a  substantially  different  effect  at  the  model  base  than  does  the 
steel  flare  over  the  motor  housing  (Fig.  3). 

Nevertheless,  Fig.  16  does  indicate  substantial  sting  diameter  effects.  In  general, 
increasing  the  sting  diameter  increases  pb/p  for  all  Mach  numbers.  Because  of  the  suspected 
influence  of  the  Lexan  flare,  it  is  not  deemed  appropriate  to  define  fcr/d  based  on  pb/p  for 
dyd  =  0.65  and  0.73.  Therefore,  the  evaluation  oT  fcr/d  as  determined  by  pb/p  is  based 
solely  on  data  obtained  for  a  ds/d  of  0.4,  as  previously  discussed. 

5.0  CONCLUDING  REMARKS 

Sting  length  and  diameter  interference  effects  as  determined  by  the  measurement  of 
static  and  dynamic  stability  derivatives,  static  pitching  moment,  and  base  pressure  were 
investigated  at  Mach  numbers  0.30,  0.60,  0.95,  1.10,  and  1.30.  The  nominal  angle-of-attack 
range  was  from  -4  to  14  deg.  Data  were  obtained  on  the  Standard  Dynamics  Model  (SDM), 
at  a  nominal  frequency  of  oscillation  of  5.2  Hz.  The  primary  unit  Reynolds  number  at  which 
the  investigation  was  conducted  was  2.5  million  per  foot,  except  for  Mach  number  0.95.  At 
M  =  0.95,  the  primary  unit  Reynolds  number  per  ft  was  1.0  million  (pitch  phase)  and  1.5 
million  (yaw  phase).  Sting  length  was  varied  from  1  to  6  model  diameters,  for  sting 
diameters  of  0.40,  0.65,  and  0.73  model  diameters.  Conclusions  based  on  these  results  and  a 
summary  of  critical  sting  length  and  diameter  effects  are  as  follows: 

1.  Sting  Length  Effects 

a.  With  exception  of  Mach  number  0.95,  the  parameters  Cni,  CmQ!,  Cn^  cos  a, 
and  Cmt)  +  Cm(i  were  essentially  unaffected  by  sting  length  effects  in  the  yd 
range  from  2  to  6.  Sting  length  interference  effects  were  present  at  Mach 
number  0.95  and  resulted  in  higher  critical  sting  lengths  than  did  the  other 
Mach  numbers. 

b.  The  yaw-damping  derivative  showed  significant  increases  in  damping  due  to 
sting  length  interference  in  the  Mach  range  from  0.95  to  1 .30.  No  effects  were 
found  at  M  =  0.6  for  the  f5/d  range  from  2  to  6. 
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c.  Sting  length  interference  increased  the  model  base  pressure;  depending  on  this 
measurement  and  on  the  Mach  number,  the  critical  sling  length  varied  from 
3  to  5  model  diameters. 

d.  Vlodcl  oscillation  amplitude  did  not  alter  the  critical  sting  length  determined 
by  the  measurement  of  pitch-damping  derivatives. 

2.  Sting  Diameter  Effects 

a.  The  static  stability  parameters  Cl1)u  and  Crl(J  cos  a  were  relatively  independent 
of  sling  diameter  effects. 

b.  The  pitch-damping  derivatives  showed  a  decrease  in  damping  duo  to  sling 
diameter  effects  at  M  =  0.3  for  all  values  of  fs/d.  No  significant  sling 
diameter  effects  were  observed  in  the  pitch-damping  derivatives  at  Mach 
numbers  equal  to  or  greater  than  0.6. 

c.  Sting  diameter  effects  produced  in  a  decrease  in  yaw  dynamic  stability  at 
M  =  1.3  and  at  values  of  E/d  <  4  at  M  =  0.95  and  1.10.  No  effects  were 
observed  at  Mach  number  0.6. 

d.  Sting  diameter  effects  on  model  base  pressure  were  found  at  Mach  numbers 
equal  to  and  greater  than  0.6  at  all  values  of  E/d,  and  generally  resulted  in  an 
increase  in  base  pressure  with  an  increase  in  sting  diameter. 

3.  Overall  Assessment  of  Interference  on  the  SDM 

The  effects  of  sting  length  and  diameter  effects,  as  discussed  above,  are 

summarized  in  the  chart  on  page  17. 
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Parameter 

Mach 

Range 

Sting 

Length  Effects* 

Sting 

Diameter  Effects  ** 

c 

m 

Z  /d  <  2  + 
cr  — 

Not  investigated. 

C 

m 

a 

0.3  +  1.3 

1  /d  <  2++ 
cr  — 

None 

C  cos  a 
n6 

0.6  -*■  1,3 

l  /d  <  2 
cr  — 

None 

C  +  C 
m  ro. 

q  a 

0.3  -*•  1.3 

Z  /d  <  2++ 
cr  — 

Only  at  M  =  0.3;  damping 
decreased . 

C  -  C  cos  a 

°r  nb 

0.6 

>0.6  ■+  1.3 

a  Id  <  2 

cr  — 

£  /d  -  4 
cr 

No  effect  at  M  -  0.6. 

Decreased  damping  at  M  =  1.3 

for  all  ta/d  and  at  M  =  0.95 

and  1.1  for  8.  /d  <  Z  /d. 

s  cr 

Base  Pressure 

0.60 

0.95 

1.10 

1.30 

*cr/d  i  4 

*cr/d  '  5 

2  /d  -  4 
cr 

l  /d  -  3 
cr 

Significant  at  all  Mach 
numbers  and  sting  lengths 
investigated. 

a  range  of  -4  to  14  deg 
Only  a  "  0  Investigated 
Except  M  -  0.95,  J.cr/d  -  5 
Except  M  =  0.95,  *clVd  =  3 
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Figure  2.  Photograph  of  model  installation  in  Aerodynamic 
Wind  Tunnel  (4T). 
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All  Dimensions  in  Inches 

Model  Configuration  Shown  +B1C1W1V1T00S1F1I1 


a.  Vd  =  2.0,  ds/d  =  0.40 


b.  Cs/d  =  6.0,  d5/d  =  0.40 

Figure  3.  Details  of  model  support  configurations,  d,/d  =  0.40. 
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All  Dimensions  in  Inches 

Model  Configuration  Shown  +B1C1W1V1T00S1F1I1 


b.  Cs/d  =  3.0,  d5/d  =  0.73 

Figure  4.  Details  of  model  support  configurations,  ds/d  =  0.65  and  0.73. 
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2.93  Balance 
Front  Face  Diam 


3.13  ( Max . ) 

Balance  Diam 

i—Cross  Flexure  Sting  Motor  Housing^ 

Locking  Arm  Flare^  15  deg 

'  —1.76  Diam  1-deg  \  J. - 

i  Sting  Taper  \  ^>000 


8.13  Di  am- 


i.50^  - - 


1.00  — 


-38.67 


■  10.49—1—10.56  -I 


All  Dimensions  in  Inches 


a.  Details  of  test  mechanism 


b.  Photograph  of  cross  flexure  pivot 

Figure  5.  Details  and  photograph  of  VKF  1.C  forced-oscillation  test  mechanism. 
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c  l  /d  d  /d 
Sym  s'  s' 

O  6.0  0.40 

O  5.0 

A  4.0 

V  3.0 

□  2.0 

Configuration  +B1C1W1V1T00S1F1I1 


0.60 

2.5  x  106,  ft-1 


a.  Typical  variation 


-0.12 

— i - 1 - 1 - 

oc 

c 

o 

1 

- 

-0.04 

>■04: 

-cr* 

0 

n  r\A 

_ i  i  i _ 

Re  =  1.0  x  106,  ft"1 


-5  0  5  10  15  20 

a ,  deg 


b.  Sting  length  interference  at  M  =  0.95 
Figure  6.  Variation  of  pitching  moment  with  sting  length 
as  a  function  of  angle  of  attack. 
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£  /d  d 
s'  s 

Jd 

9, 

deg 

O 

6.0  0. 

40 

1 

.0 

o 

5.0 

A 

4.0 

V 

3.0 

□ 

2.0 

Configuration  +B1C1W1V1T00S1F1I1 


'fo  =  0.60 

Re  =  2.5  x  106,  ft-1 


a.  Typical  variation 


“ ,  deg 


1.0  x  106,  ft  1 


b.  Sting  length  interference  at  M  =  0.95 
Figure  7.  Typical  variation  of  pitching-moment  slope  with 
sting  length  as  a  function  of  angle  of  attack. 
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Sym 

Vd 

5=; 

/d 

O 

6.0 

0. 

40 

O 

5.0 

A 

4.0 

V 

3.0 

o 

2.0 

Configuration  -B1C1W1V1T05S1F1I1 


a ,  deg 

a.  Typical  variation 


0.95 

1.5  x  106,  ft-1 


-5  0  5  10  15  20 


a  ,  deg 

b.  Sting  length  interference  at  M  =  1.1 
Figure  8.  Variation  of  yawing-moment  slope  with  sting  length 
as  a  function  of  angle  of  attack. 
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Sym 

Vd 

d 

a 

,/d 

P 

deg 

O 

6.0 

0. 

40 

1 

.0 

o 

5.0 

A 

4.0 

V 

3.0 

□ 

2.0 

1 

Configuration  +B1C1W1V1T00S1F1I1 


a ,  deg 

a.  Typical  variation 


0.60 

2.5  x  106,  ft-1 


Re  x  1.0  x  10L,  ft 


-1 


a .  deg 


b.  Sting  length  interference  at  M  =  0.95 
Figure  9.  Variation  of  pitch-damping  derivatives  with  sting 
length  as  a  function  of  angle  of  attack. 
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Sym 

Vd 

/d 

e, 

dep 

o 

6.0 

0. 

40 

l. 

.0 

V 

3.0 

p 

2.0 

Configuration  -B1C1W1V1T05S1F1I1 


Re  =  2.5  x  106,  ft 


a,  deg 


a.  Sting  length  interference  at 
M  =  1,30  (typical  variation) 


Re  =  1.5  x  106,  ‘ft  1 


a,  deg 

b.  Sting  length  interference 
at  M  =  0.95 


Re  =  2.5  x  106,  ft 


a,  deg 


c.  Sting  length  interference  at  M  =  1.10 
Figure  10.  Variation  of  yaw-damping  derivatives  with  sting 
length  as  a  function  of  angle  of  attack. 
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sj™  Vf 

o  6.0  0.40 

V  3.0  | 

□  2.0  T 


Re  x  106, 
ft"1 


2.5 


Configuration  -B1C1W1V1T05S1F1I1 


b.  Sting  length  interference  at  M  =  1.3 
Figure  1 1 .  Variation  of  base-pressure  ratio  with  sting  length  as 
a  function  of  angle  of  attack. 
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0.25 

0.30 

0.35 

0.25 

0.30 

0.35 
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-0.05 

0 
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-1.05 
-1.00 
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M 

f  t-1 

o 

0.30 

2.5 

□ 

0.60 

2.5 

o 

0.95 

1.0 

A 

1.10 

2.5 

□ 

1.30 

2.5 

9  ,  deg 

1.0 


ct ,  deg 
0 


Configuration  +B1C1W1V1TOOS1F1I 1 


Sym 

Open 

Crossed 

Solid 


Vd 

0.40 

0.65 

0.73 


9  /d 
s 

Figure  12.  Variation  of  pitching-moment  slope  with  sting  length  for  various  sting  diameters. 
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Sym  M  ft~l  6 ,  deg  a ,  de 
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0(<S>)  0.95  1.0(1. 5) 

A  1.10  2.5 

Q  1.30  2.5 

Configuration  -B1C1W1V1T05S1F1I1 

Sym  ds/d 
Open  0.40 

Crossed  0.65 


Figure  13.  Variation  of  yawing-moment  slope  with  sting  length  for  various  sting  diameters. 
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Sym  M  f  8 ,  deg  tx ,  deg 
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□  0.60  2.5 

O  0.95  1.0 

A  l.io  2.5 

Q  1.30  2.5 

Configuration  +B1C1W1V1T00S1F1I 1 


Syrn 

Open 

Crossed 

Solid 


Vd 

0.40 

0.65 

0.73 


Figure  14.  Variation  of  pitch-damping  derivatives  with  sting  length  for  various  sting  diameters. 


e-l8-Ul-0Q3V 


-cos  a,  radian 


Ui 


-0.5 

-0.4 

-0. 34 


t - 1 - r  —  r 


j _ _ _ L 


© 


} 


-0.6 
-0. 5| 
■0.4 


4 — 0 — B — E- 


a 


Sym  M 
O  0.30 
□  0.60 
0«©)  0.95 
A  1.10 
O  1.30 


Re  x  10  ° 
ft~l 

2.5 

2.5 

1.0(1. 5) 

2.5 

2.5 


8 ,  deg  a ,  deg 

1.0  0 


Configuration  -B1C1W1V1T05S1F1I1 


o  d  /d 

Sym  s' 

Open  0.40 

Crossed  0.65 


Figure  15.  Variation  of  yaw-damping  derivatives  with  sting  length  for  various  sting  diameters. 
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Table  1.  Standard  Dynamics  Model  (SDM)  Dimensions 


WING 

Area  (A) 

Span  (b) 

Mean  Aerodynamic  Chord  (c) 

Aspect  Ratio 
L.E.  Sweep 
Dihedral 
Incidence 

Airfoil  Double 

L.E.  Angle 
T.E.  Angle 


0.90702  ft2 
1.6500  ft 
0.62233  ft 
3.0 

40  deg 
0 
0 

wedge;  4.5  percent  thickness  at  root. 
15  deg  (Half  Angle) 

15  deg  (Half  Angle) 


HORIZONTAL  TAIL 


Area 

Aspect  Ratio 
Taper  Ratio 
L.E.  Sweep 
Dihedral 

Airfoil  Double 

L.E.  Angle 
T.E.  Angle 


0.30707  ft 
3.0 
0.213 
40  deg 
-10  deg 

wedge;  6.4  percent  thickness  at  root. 

14  deg  (Half  Angle) 

15  deg  (Half  Arigle) 


VERTICAL  TAIL 
Area 

Aspect  Ratio 
Taper  Ratio 
L.E.  Sweep 
Tip 
Root 

Airfoil  Double 

L.E.  Angle 
T.E.  Angle 

VENTRAL  FIN  (Each) 

Area  ^ 

Span  ’ 

Aspect  Ratio 
Taper  Ratio 
L.E.  Sweep 
Dihedral  (cant) 

Airfoil 

At  Root  Modifi 

At  Tip 


0.30846  ft2 
1 .093 
0.362 

47.5  deg 
15.0  deg 

wedge;  5.6  percent  thickness  at  root. 
15  deg  (Half  Angle) 

15  deg  (Half  Angle) 


0.0263  ft2 
0.150  ft 
0.86 
0.70 

26.5  deg 

25.2  deg  (Outboard) 

d  wedge;  3.B  percent  thick  at  root. 
Constant  0.003  radian 


FUSELAGE 
Length 
Diameter  (d) 

Center  of  Gravity  (CG) 


2.55208  ft 
0.36458  ft 

1.49125  ft  from  Nose  at  35-percent  c 
1.36667  from  Nose  at  15-percent  c 
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Table  2.  Standard  Dynamics  Model  (SDM)  Configuration  Codes 


Configuration 

-t-BlClWlVLTOOSlFlIl 


-B1C1WLV1T05S1F1I1 


-B2C1W1VIT05S1F1I1 


Description  (Refer  to  Fig.  1) 

BODY  +  CANOPY  +  WINDS  +  VERTICAL 
TAIL  +  HORIZONTAL  STABILIZERS  + 
RTRAKES  +  VENTRAL  FINS  +  INLET; 
Horizontal  Stabilizer  Deflection 
Angle  =  0;  CG  Located  at  35 
percent  of  c  (F.S.  =  17.895) 

Same  as  +B1C1W1TOOS1F1I1 ,  Except 
Horizontal  Stabilizer  Deflection 
Angle  «=  -5  deg  (Positive  Trailing 
Edge  Down) 

Same  as  -B1C1W1T05S1F1I1 ,  Except  CG 
Located  at  15  percent  of  c  (F.S.  = 
16,400) 


Table  3.  Test  Conditions 


M 

Pt,  psf  a 

V  ‘R 

q,  psf 

p,  psf 

V,  ft/sec 

Re  x  10  6 ,  ft-1 

Re-  x 
c 

0.30 

575 

562 

34 

540 

346 

0.5 

0.3 

0.30 

1,112 

549 

66 

1,045 

342 

1.0 

0.6 

0,30 

2,017  - 

571 

118 

1,867 

349 

1.7 

1.0 

0.30 

2,966 

583 

180 

2,812 

354 

2.5 

1.6 

0.30 

3,670 

592 

217 

3,441 

355 

3.0 

1.9 

0.60 

641 

559 

127 

503 

671 

1  .0 

0.6 

0. 60 

1,608 

563 

318 

1,261 

674 

2.5 

1.6 

0.60 

3,374 

583 

664 

2,642 

685 

5.0 

3.1 

0.80 

723 

544 

212 

474 

861 

1.4 

0.9 

0.95 

486 

551 

172 

273 

1,004 

1.0 

0.6 

0.95 

754 

562 

267 

420 

1,019 

1.5 

0.9 

0.95 

823 

546 

291 

460 

1,002 

1.7 

1.0 

0,95 

1,207 

549 

427 

676 

1,004 

2.5 

1.6 

1.05 

849 

548 

326 

424 

1,089 

1.8 

1.1 

1.05 

1,201 

558 

463 

596 

1,104 

2.5 

1.6 

1 .10 

1,196 

557 

474 

561 

1,141 

2.5 

1  .6 

1 .20 

983 

550 

409 

409 

1,215 

2.1 

1.3 

1.30 

1,200 

554 

512 

434 

1,296 

2.5 

1.6 
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Table  4.  Test  Summary 
a.  Pitch-Damping 


Re  x  10 
«.-1 


Configuration  +B1C1W1V1T00S1F1I1 


e. 

ud/2V, 

±deg 

radian 

1,608 

1.0 

0.015 

1,632 

1.0 

0.015 

1  ,629 

2.0 

0.015 

3,367 

1.0 

0.014 

1,615 

1.0 

0.015 

1,615 

2.0 

0.015 

3,328 

1.0 

0.014 

G  40 

1.0 

0.015 

1,207 

1.0 

0.010 

487 

1.0 

0.010 

500 

2.0 

0.010 

2,989 

1  .0 

0.030 

2,930 

1.0 

0.030 

2,962 

O 

f 

CM 

0.030 

2,971 

1.0 

0.030 

3,663 

1.0 

0.030 

1,989 

1.0 

0.032 

575 

1.0 

0.031 

1,200 

1.0 

0.010 

1,200 

1.0 

0.010 

1,202 

2.0 

0.010 

1  ,200 

1.0 

0.009 

1  ,200 

2.0 

0.009 

2,874 

1  .0 

0.030 

1  ,632 

1.0 

0.015 

486 

1.0 

0.011 

486 

2.0 

0.011 

1,180 

1.0 

0.010 

1,180 

2.0 

0.010 

1,185 

1.0 

0.009 

40 
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Table  4.  Continued 
a.  Continued 


Run 

Vd 

i  /d 
s 

M 

Re  x  10-6 
ft-1 

V 

pafa 

e, 

±deg 

iad/2V , 
radian 

1 

Configuration  +B1C1W1V1T00S1F1 11 

90 

0.40 

5.0 

(1 .30 

2.5 

1,185 

2.0 

0.009 

93 

0.40 

2.0 

0.30 

2.5 

2,846 

.  i.o 

0.031 

94 

0.40 

2.0 

0.30 

2.5 

2,846 

2.0 

0.031 

95 

0.40 

2.0 

0.60 

2.5 

1,609 

1.0 

0.015 

96 

0.40 

2.0 

0.60 

2.5 

1,609 

SB 

0.015 

101 

0.40 

2.0 

0.95 

1.0 

495 

HESS 

0.011 

102 

0.40 

2.0 

0.95 

1.0 

495 

1 .0 

0.011 

-4- 

103 

0.40 

2.0 

1.10 

2.5 

1,188 

1.0 

0.010 

E 

104 

0.40 

2.0 

1.30 

2.5 

1,178 

1.0 

0.009 

105 

0.40 

2.0 

1.30 

2.5 

1,182 

2.0 

0.009 

108 

0.40 

3.0 

0.30 

2.5 

2,888 

1.0 

0.030 

109 

'3.0 

0.30 

2.5 

2,915 

1.0 

0.030 

-4- 

110 

3.0 

0.30 

2.5 

2,928 

KO 

0.030 

112 

3.0 

0.60 

2.5 

1  ,623 

m 

0.015 

113 

0.40 

3.0 

0.60 

2.5 

1,624 

1.0 

0.015 

114 

0.40 

3.0 

0.95 

1.0 

500 

1.0 

0.011 

-4 

115 

0.40 

3.0 

0.95 

1.0 

500 

2.0 

0.010 

116 

3.0 

1.10 

2.5 

1,187 

1.0 

0.010 

117 

0.40 

3.0 

1.10 

2.5 

1,194 

2.0 

0.010 

118 

0.40 

3.0 

1.30 

2.5 

1,185 

1.0 

0.009 

119 

0.40 

3.0 

1.30 

2.5 

1,187 

1.0 

0.009 

120 

0.40 

3.0 

0.60 

2.5 

1,606 

2.0 

0.015 

0 

127 

0.40 

4.0 

0.30 

2.5 

2,914 

1.0 

0.030 

0 

128 

0.40 

4.0 

0.30 

2.5 

2,935 

2.0 

0.030 

129 

0.40 

4.0 

0.60 

2.5 

1,640 

1.0 

0.015 

130 

0.40 

4.0 

0.95 

1.0 

500 

1.0 

0.010 

-4 

131 

0.40 

4.0 

0.95 

1.0 

500 

mSM 

0.010 

132 

0.40 

4.0 

1.10 

1,191 

0.010 

133 

0.40 

4.0 

1.10 

1 ;  1  94 

1.0 

0.010 

134 

0.40 

4.0 

1.30 

1,196 

1.0 

0.009 

135 

0.40 

4.0 

1.30 

1  , 192 

2.0 

0.009 
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Table  4.  Continued 
a.  Continued 


Run 

ds/d 

143 

0.73 

144 

0.73 

145 

0.73 

146 

0.73 

147 

0.73 

148 

0.73 

149 

0.  73 

152 

0.73 

153 

0.73 

157 

0.73 

158 

0.73 

159 

0.73 

161 

0.73 

162 

0.73 

165 

0.73 

166 

0.73 

167 

0.73 

168 

0.73 

169 

0.73 

172 

0.73 

173 

0.73 

174 

0.73 

175 

0.73 

176 

0.73 

187 

0.40 

188 

0.40 

189 

0.40 

190 

0.40 

191 

0.40 

192 

0.40 

Re  x  10 

-1 


0, 

sud/2V, 

±deg 

radian 

Configuration  +B1C1W1V1TD0S1F1I1 


1.0 

1.4 

1.7 

1.9 

2.1 

1.0 


2,928 

1.0 

0.030 

1,622 

1.0 

0.015 

492 

1.0 

0.011 

1,196 

1.0 

0.010 

1,195 

1.0 

0.010 

1,194 

1.0 

0.009 

1,194 

1.0 

0.010 

2,900 

1.0 

0.030 

1,589 

1  .0 

0.015 

2,889 

1.0 

0.030 

1,625 

1.0 

0.015 

497 

1.0 

0.010 

1,191 

1.0 

0.010 

1,190 

1.0 

0.009 

2,879 

1.0 

0.030 

1  ,593 

1.0 

0.015 

492 

1.0 

0.01  1 

1,191 

1.0 

0.010 

1,185 

1.0 

0.009 

2,883 

1.0 

0.030 

1,594 

1.0 

0.015 

486 

1.0 

0.010 

1,188 

1.0 

0.010 

1,187 

1.0 

0.009 

1 W1 V1T05S1 FI 11 

614 

1.0 

0.015 

723 

1.0 

0.012 

822 

1.0 

0.010 

849 

1.0 

0.010 

983 

1.0 

0.010 

1,112 

1.0 

0 .029 

-4 — -23 
-4 — -15 
-1 — -8 
0,2,4 
0—5 
■4—14 
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Table  4.  Continued 
a.  Concluded 


Run 

dg/d 

Vd 

M 

Re  x  10-6, 
ft-1 

pt' 

psfa 

e, 

±deg 

ud/2V, 

radian 

mm 

SB 

Configuration  -B2C1W1V1T05S1F1 11 

mm 

0.40 

1 

tm 

1.0 

DB 

1.0 

0.029 

0 — *-20 

19 

0.40 

Eta 

1.4 

KB 

1.0 

0.012 

10,12,14 

Configuration  +B1C1W1V1T00S1F1I1 

203 

0.65 

5.6 

esq 

2.5 

3,012 

1.0 

0.030 

0,  -4 

205 

0.65 

5.6 

2.5 

2,961 

1.0 

0.030 

-4 — -15 

206 

0.65 

5.6 

fm 

1.0 

495 

1.0 

0.015 

-4—14 

207 

0.65 

5.6 

BBS 

1,187 

1.0 

0.010 

-2 - 3 

208 

0.65 

5.6 

1.30 

1,188 

1.0 

0.009 

0,  3 

212 

0.65 

3.0 

0.60 

1,570 

1.0 

0.015 

0 

213 

0.65 

3.0 

0.95 

1.0 

492 

1.0 

0.010 

0 

214 

0.65 

3.0 

1.10 

1,197 

1.0 

0.010 

0 

215 

0.65 

3.0 

1.30 

1,174 

1.0 

0.009 

0 

218 

0.65 

2.0 

0.60 

1,583 

1.0 

0.015 

0 

219 

0.65 

2.0 

0.95 

1.0 

490 

1 .0 

0.010 

0 

220 

0.65 

2.0 

1.10 

1,190 

1.0 

0.010 

0 

221 

0.65 

2 .  D 

1.30 

1,185 

1.0 

0.009 

0 
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Table  4.  Continued 
b.  Yaw-Damping 


)  -f> 

ud/2V, 

radian 

ds/a 

Vd 

M 

Re  x  10  , 

ft-1 

pt' 

psfa 

e, 

±deg 

B2C1W1V1T05S1F1I1 


1  ,  1  OB 

1.0 

0.029 

627 

1.0 

0.015 

746 

1.0 

0.012 

346 

1.0 

0.010 

343 

1.0 

0.010 

883 

1.0 

0.009 

1,007 

1.0 

0.009 

1,009 

1.0 

0.009 

-B1C1W1V1TD5S1F1I1 


2.5 

2,926 

1.0 

0.030 

2.5 

1 ,622 

1.0 

0.016 

2.5 

1  ,617 

1.5 

0.016 

2.5 

1,619 

2.0 

0.016 

1.5 

754 

1.0 

0.01 1 

1  .5 

748 

1.5 

0.01 1 

1.5 

748 

2.0 

0.011 

1.5 

753 

1.0 

0.011 

2.5 

1,230 

1.0 

0.010 

2.5 

1,218 

1  .0 

0.010 

2.5 

1  ,217 

1.0 

0.009 

2.5 

1,600 

1  .0 

0.015 

1.5 

735 

1.0 

0.010 

2.5 

1,605 

1.0 

0.015 

1.5 

752 

1.0 

0.010 

2.5 

1,215 

1.0 

0.010 

2.5 

1  ,202 

1.0 

0.008 

in 

IN 

1,597 

1.0 

0.015 

1.5 

757 

1.0 

0.010 

2.5 

1,207 

1.0 

0.010 

2.5 

1,217 

1.0 

0.008 

2.5 

1,595 

1.0 

0.015 

2.5 

1  ,595 

1.0 

0.015 

1.5 

749 

1.0 

0.010 

2.5 

1 ,204 

1.0 

0.010 

9  —  15 
-4— -15 
0 
0 

0 - 15 

0 — -15 
0  —  15 
0  —  15 
0  —  15 
0—15 
0  —  15 
0  —  15 
0 — -14 
0 

0 - 14 

0  —15 
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Table  4.  Concluded 
b.  Concluded 


Run 

ds/a 

Vd 

M 

Re  x  10“6, 
ft-1 

Pt' 

psfa 

0, 

♦deg 

ud/2V, 

radian 

mm 

Configuration  -BIClwIVITOSSIPlfl 

396 

mm 

4.0 

■SB 

2.5 

■Kg 

1.0 

0.008 

0—14 

400 

EB3 

2.0 

2.5 

HH 

1.0 

mm 

0—14 

402 

0.65 

2.0 

ua 

1.5 

756 

1.0 

0.010 

0 — -1 4 

404 

0.65 

2.0 

BBS 

2,5 

1,221 

1.0 

0.010 

0 — -15 

40E 

0.65 

2.0 

1.30 

2.5 

1  ,217 

1.0 

0 . 006 

0—14 

410 

0.65 

3.1 

0.60 

2.5 

1,259 

1.0 

0.015 

0 — -14 

411 

0.65 

3.1 

0.60 

2.5 

1,259 

1.0 

0.015 

0 

412 

0.65 

3.1 

0.95 

1.5 

746 

1.0 

0.010 

0—14 

414 

0.65 

3.1 

1.10 

2.5 

1,217 

1.0 

0.010 

0—15 

416 

0.65 

3.1 

1.30 

2.5 

1 ,208 

1.0 

0.009 

0 - 14 

421 

0.65 

5.6 

0.60 

2.5 

1 ,619 

1.0 

0.016 

0—14 

423 

0.65 

5.6 

0.95 

1.5 

740 

1.0 

0.011 

0 — -14 

425 

0.65 

5.6 

1.10 

2.5 

1  ,217 

1.0 

0.010 

427 

0.65 

5.6 

1.30 

2.5 

1  ,210 

1.0 

0.009 

PplIlIB 

429 

0.65 

5.6 

0.30 

2.5 

2,967 

1.0 

0.030 

431 

0.65 

1.0 

0.60 

2.5 

1,610 

1.0 

0.016 

433 

0.65 

1.0 

0.95 

1.5 

768 

1.0 

0.011 

435 

0.65 

1.0 

1.10 

2.5 

1,223 

1.0 

0.010 

i  1 

437 

0.65 

1.0 

1.30 

2.5 

1,216 

1.0 

0.009 
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Table  5.  Estimated  Uncertainties 
a.  Basic  steady-state  measurements 


Parameter 

Designation 

STEADY-STATE  ESTIMATED  MEASUREMENT* 

Range 

Type  of 

Measuring  Device 

Type  of 

Recording  Device 

Met nod  of 

System  Calibration 

Precision  Index 
(8) 

Bias 

(B) 

Uncertainty 
+  <B  ♦  tjjsS) 

Percen  t 
of 

Reading 

i 

V.  • 

0  fcl  4* 

n  e 

a  e 

9  X 

°s 

tt*  TJ 
0*  tt* 
U  6 
bt  U 

**  so 

c  e 

01  -H 

o  -a 

h  0  « 

£  £ 

*4  tt* 

Ob** 

3  a 

-  3  = 

e  m 

9  X 

Percent 

of 

Reading 

1 

*4  G 

0  fa  ** 

3  C 
+»  ■  G 

«4  a  h 

C  il 

a  s 

P,.  PBl* 

±(0.041  ♦  0  13) 

30 

±(0.111  •  1) 

i(0  21  ♦  1.3) 

0  to 

1. 500 

Da tame  tries  D&ro- 
ccl  Model  538 AX- 
93;  0  -  4. 000  pc  fa 

Da tame  tries  Elec¬ 
tronic  Manometer 

C— 1018 

In-place  calibration 
with  a  precision 
pressure  standard 

— 

±0.7 

30 

— 

±2.9 

— 

14.3 

1 , 500 
to 

4.000 

Tt. 

±0.1 

6 

— 

±0.55 

— 

±0.77 

410 

to 

610 

Dual  Chrome 1®  — 
Alume 1® 
Thermocouples 

Newport  Model  2600KF 
Digital  Thermometer 

Voltage  standard 
substitution  using  a 
stirred  ice  bath 
thermocouple  reference 

pb.  p »«■> 

±1.0 

32 

±(0.141  ♦  1) 

±(0.141  .  3) 

0  to 

2.  160 

Suns t rand  (Kistlcr) 
314D  Servo  pres- 
surs  Transducer 

Preston  Amplifier 
used  with  a  Preston 
G-MAD-3  for  A/D 

Convert*  ion 

In-place  calibration 
with  a  precision 
pressure  standard 

Tunnei  sector 
pitch  angle,  deg 

±(0.0141  4-  0.004) 

7 

— 

±0. 029 

±0.031  ♦  0.038) 

-8  to 
27 

Clifton  Precision 
products  Model 

CG— 10— AS— 1 

SYNCHRO 

Transmitter 

Theta  Model  C-5280 
Digital  Indicator 

In-place  calibration 
by  comparison  to  an 
incl inometer 

IJZlXJEJfli 

±0.04 

7 

— 

±0.300 

— 

±0 . 390 

±180 

Frequency.  Hz 

0.0025 

— 

2 

— 

0 

0.01 

— 

0  to  10 

A/D  Frequency 
Converter  Built 
by  VKF 

Digital  Data  Acquisi¬ 
tion  System  ( DDAS ) 

Compared  with  a  fre¬ 
quency  standard 

•Abcrnethy ,  R .  B.  et  al.  (Pratt  and  Whitney)  and  Thompson .  J.  w.  (ARO.  Inc.).  Handbook  - 
Uncertainty  in  Gas  Turbine  Measurements.*'  AEDC-TR-73-5  (AD  755356).  February  1973. 
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Table  5.  Continued 


b.  Basic  dynamic  measurements 


Parameter 

Designation 

Type  of 

Measuring  Device 

Type  of 

Recording  Device 

Method  of 

Systoa  Calibration 

Precision  Index 
(S) 

Bias 

CB) 

Uncertainly 
i(B  +  t95S) 

Range 

«■*  X 

c  c 

US? 

&  & 

(tall  ol 

Measure¬ 

ment 

0  s 

0 
«.  rs 
9  9 
U  9 
U  U 

jn. 

X 

c  c 

4*  a 

y  ■m  T3 

U  O  K 

£  £ 

J 

v.  e 

o  u  ** 

0  c 

s:i 

C  9 

S3  91 

Percent 

ol 

Reading 

i 

*•  o 

O  b  V 

9  C 

-  s  s 
=  - 
o  > 

Ou  t-ol-Pnase 

Torque,  li-lbs 

0.87 

— 

•*30 

0.03 

— 

1.8 

— 

0  to 
0.77 

Bonded  Strain 
Gage* 

Digital  Data  Acquisi¬ 
tion  System  1 DDAS » 

In-place  moment 
loading 

In-Phase  Torque, 
ft-lbs 

— 

G.7al0~* 

•30 

— 

7.6xlO-5 

— 

0.0014 

0  to 
0.076 

Static 

oading 

In-Phane  Sting 
Moment,  ft— Ibp 

— 

0.03 

•30 

— 

0.06 

— 

0.12 

0  to 
16.5 

Out-ol-Phasc  Sting 
Moment.  It- lbs 

— 

0.00H 

*30 

— 

O.OOH 

— 

0.024 

0  to 
0.4 

dog 

0.4 

— 

•30 

0.1 

0.9 

±1— “ 
t2.5 

•Abernathy  R.  B.  et  al  .  (Pratt  and  Khitneyl  and  Thompson.  J  * .  (ARo.  Inc  >.  'Handbook  - 
Uncertainty  vn  Gas  Turbine  Mcasuranenta . "  AEDC-TR-73-5  (AD  7553SG1 .  February  1973. 


Table  5.  Continued 
c.  Calculated  parameters 


Parameter 

Designation 

STEADY— STATE  ESTIMATED  MEASUREMENT » 

u 

fl) 

Test 

Conditions 

Precision  Index 
(S) 

Bias 

<B) 

Uncerl 
±(B  + 

.alnty 

tgsS) 

Percent 

of 

Heading 

Unit  of 
Measure¬ 
ment 

Percent 

of 

Reading 

Unit  of 
Measure¬ 
ment 

Percent 

of 

Reading 

Unit  of 
Measure¬ 
ment 

Paramel 

Range 

M 

Re  x  10"® 
ft"1 

_ 

tm 

_  .  - 

6.2 

341 

0.30 

1.0 

_ 

_ 

— 

6.2 

349 

0.30 

2.5 

_ 

— 

— 

5.4 

661 

0.60 

1.0 

_ 

■nO&'/lH 

— 

— 

5.4 

669 

0.60 

2.5 

_ 

0.8 

— 

2.9 

— 

4.4 

859 

0.80 

1.4 

V,  ft/s ec 

— 

1.0 

— 

4.6 

— 

6.6 

996 

0.95 

1.0 

— 

1.0 

— 

4.6 

— 

6.6 

1,000 

0.95 

1.7 

_ 

1.0 

— 

— 

6.6 

1, 088 

1  .05 

1.8 

_ 

0.6 

— 

— 

3.6 

1,  139 

1.10 

2.5 

_ 

0.6 

_ 

— 

3.5 

1.216 

1.20 

2.1 

— 

0.5 

— 

— 

3.4 

1,  297 

1.30 

2.5 

_ 

7,  020 

_ 

28,  800 

_ 

42,  900 

1.0, 

0.30 

_ 

_ 

7,020 

— 

28,  800 

— 

42. 900 

2.5  \ 

0.30 

— 

_ 

3,130 

— 

12,  100 

— 

18,  400 

i.°  1 

0.60 

— 

— 

3, 130 

— 

12, 100 

— 

18.  400 

2.5  / 

0.60 

— 

— 

2,000 

— 

7,  360 

— 

11,400 

1.4  [ 

0.80 

— 

Re,  ft-1 

_ 

880 

— 

3,  920 

— 

5,  690 

1 .0  )«. 

0.95 

— 

880 

— 

3,  920 

— 

5,  690 

1.7  [ 

0.95 

— 

880 

— 

3,  920 

— 

5,  690 

1.8  1 

1  .05 

— 

_ 

1, 360 

— 

5,040 

— 

7,760 

2.5  1 

1.10 

— 

_ 

1,  320 

— 

4,  860 

— 

7,490 

2 . 1  / 

1.20 

— 

— 

1,330 

— 

4,  920 

— 

7,580 

2.5  / 

1.30 

— 

_ 

0.96 

_ 

3.9 

_ 

5.8 

66 

0.30 

1.0 

_ 

0.96 

— 

3.9 

— 

5.8 

174 

0.30 

2.5 

_ 

0.80 

_ 

3.1 

— 

4.7 

121 

0.60 

1.0 

— 

0  .  HO 

— 

3.1 

— 

4.7 

313 

0.60 

2.5 

_ 

0.61 

— 

2.3 

— 

3.5 

212 

0.80 

1.4 

<1.  psf 

_ 

0.28 

— 

1.3 

— 

1.8 

172 

0.95 

1.0 

_ 

0.28 

— 

1.3 

— 

1.8 

291 

0.95 

1.7 

_ 

0.28 

— 

1.3 

— 

1.8 

326 

1.05 

1.8 

_ 

0.40 

— 

1.5 

— 

2.3 

472 

1.10 

2.5 

0.35 

_ 

1.3 

— 

2.0 

409 

1.20 

2.1 

— 

0.31 

— 

1.1 

— 

1  .8 

506 

1.30 

2.5 

•Abernethy,  R.  B.  et  al .  (Pratt  and  Whitney)  and  Thompson,  J.  W.  (ARO,  Tnc.).  "Handbook 
Uncertainty  in  Gas  Turbine  Measurements."  AEDC-TR-73-5  (AD  755356),  February  1973. 
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Table  5.  Continued 
c.  Continued 


Parameter 

Designation 

STEADY-STATE  ESTIMATED  MEASUREMENT* 

Test 

Conditions 

Precisic 

(£ 

>n  Index 

1) 

Bias 

(B) 

Uncertainty 
±(B  +  tgsS) 

(4 

0) 

Percent 

of 

Reading 

Unit  of 
Measure¬ 
ment 

Percent 

of 

Reading 

Unit  of 
Measure¬ 
ment 

Percent 

of 

Reading 

Unit  of 
Measure¬ 
ment 

Paramet 

Range 

M 

He  x  10"6, 
ft-1 

0.71 

_ 

2.9 

— 

4.3 

1.  045 

0.30 

1.0 

0.7) 

— 

2.9 

— - 

4.3 

2.  760 

0.30 

2.5 

0.66 

— 

2.4 

— 

3.7 

482 

0.60 

1.0 

0.66 

— 

2.4 

— 

3.7 

1,244 

0.60 

2.5 

0.52 

— 

2.0 

— 

3.0 

475 

0.80 

1.4 

P.  psf 

0.30 

— 

1.3 

— 

1.9 

279 

0.95 

1.0 

0.30 

— 

1.3 

— 

1.9 

461 

0.95 

1.7 

0.30 

— 

1 .3 

— 

1.9 

424 

1.05 

1.8 

0.40 

— 

1.6 

— 

2.4 

559 

1.10 

2.5 

0.38 

— 

1.6 

— 

2.3 

405 

1.20 

2.1 

0.35 

— 

1.5 

— 

2.2 

429 

1.30 

2.5 

0 . 0009 

_ 

0.004 

- 

0.005 

0.3 

1.0 

0 . 0009 

— 

0.004 

- - 

0.005 

0.3 

_ 

2.5 

0.0009 

— 

0.003 

— 

0.005 

0.6 

_ 

1.0 

0.0009 

— 

0.003 

- - 

0.005 

0.6 

_ 

2.5 

0.0008 

— 

0.003 

— 

0 . 005 

0.8 

_ 

1.4 

M 

0.0011 

— 

0.005 

— 

0.007 

0.95 

_ 

1.0 

0.0011 

— 

0.005 

— 

0.007 

0.95 

_ 

1.7 

0.0011 

— 

0.005 

— 

0.007 

1.05 

_ 

1.8 

0 . 0007 

— 

0 . 003 

— 

0.004 

1 . 1 

_ 

2.5 

0 . 0007 

— 

0.003 

— 

0.004 

1.2 

_ 

2.1 

0 . 0007 

— 

0.003 

— 

0.004 

1.3 

— 

2.5 

|  a,  deg 

— 

0.030 

— 

0.040 

— 

0.100 

-4 — 24 

— 

— 

•Abernethy,  R.  B.  et  al.  (Pratt  and  Whitney)  and  Thompson,  J.  W.  (ARO,  Inc.).  "Handbook  - 
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Table  5.  Continued 
c.  Continued 


Parameter 

Designation 

STEADY-STATE  ESTIMATED  MEASUREMENT* 

Parameter 

Range 

Test  Conditions 

Precision  Index 
(S) 

Bias 

(B) 

Uncertainty 
±<B  +  t95S) 

Percent 

of 

Reading 

1 

*M  O 

0  U 

3  C 
«D  CJ 

■h  a  E 
c  « 

3  a 

Percent 

of 

Reading 

Unit  of 
Measure¬ 
ment 

Percent 

of 

Reading 

1 

Vi  Qf 

O  U  w 

3  C 
*-*  CD  0) 
cS  E 
c  o 
=/  a 

M 

Re  x  10-6. 
ft-1 

a. 

deg 

ud/2V , 
radian 

0.062 

0.085 

0.210 

-6.6 

0.30 

1.0 

0 

0.029 

_ 

0.044 

_ 

0.056 

— 

0.144 

-4  6 

0.30 

2.5 

0.030 

_ 

0.071 

— 

0.058 

— 

0.200 

-6.4 

0.60 

1.0 

0.015 

_ 

0.050 

— 

0.030 

— 

0.129 

-4.8 

0.60 

2.5 

0.015 

C-  +  Cm  •  • 

_ 

0.095 

— 

0.059 

— 

0.249 

-9.3 

0.80 

1.4 

0.012 

q  ™a 

_ 

0.124 

— 

0.089 

— 

0  337 

-12.7 

0.95 

1.0 

0.011 

_ 

0. 14G 

— 

0.087 

— 

0.380 

-15.4 

0.95 

1.7 

0.010 

radian 

_ 

0.072 

_ 

0.042 

_ 

0.185 

-7  2 

1.05 

1.8 

0.010 

_ 

0.046 

— 

0.018 

— 

0.110 

-3.8 

I  .10 

2.5 

0.010 

_ 

0.052 

_ 

0.032 

_ 

0  136 

-6.  1 

1.20 

2.  1 

o.olo 

— 

0.047 

— 

0.020 

— 

0.114 

-4.2 

1.30 

2.5 

0.009 

0.013 

_ 

0.024 

.  - 

0.049 

-0.40 

0.30 

1.0 

0 

0.029 

0.006 

_ 

0.006 

— 

0.018 

0.27 

0.30 

2  5 

0 . 030 

0.008 

_ 

0.014 

— 

0  030 

-0.54 

0.60 

10 

0.015 

0.004 

— 

0.003 

— 

0.012 

0.34 

0.60 

2.5 

0.015 

0.002 

_ 

0.003 

— 

0.006 

-0.24 

0.80 

1.4 

0.012 

C  ,  radian-1 

0.006 

— 

0.002 

— 

0.014 

0.07 

0.95 

1.0 

0.011 

nd 

0.007 

— 

0.004 

— 

0.018 

-0.90 

0.95 

1  7 

0.010 

0.009 

_ 

0.007 

— 

0.026 

-1.68 

1.05 

1.8 

o.olo 

0.007 

_ 

0.004 

_ 

0.017 

-1.02 

1 . 10 

2.5 

0.010 

0.010 

_ 

0.007 

_ 

0 . 028 

-1.97 

1.20 

2  1 

o.oio 

0.006 

— 

0.003 

— 

0.016 

-1.04 

1.30 

2  5 

0.009 

0.0019 

0.0070 

0.0104 

-0.117 

0.30 

1.0 

20 

_ 

0.0003 

— 

0.0004 

— 

0.0010 

-0.049 

0.30 

2.5 

14 

— 

— 

0.0018 

— 

0.0050 

— 

0.0089 

-0.204 

0.60 

1.0 

24 

— 

■  - 

0  0005 

_ 

0.0008 

— 

0.0017 

0.074 

0.60 

2.5 

14 

— 

— 

0.0008 

— 

0.0012 

— 

0.0028 

-0.116 

0.80 

1.4 

16 

— 

Sn 

— 

0.0004 

_ 

0.0004 

— 

0.0012 

-0 . 057 

0.95 

1.0 

14 

— 

_ 

0.0004 

_ 

0.0003 

— 

0.0012 

-0 . 067 

0.95 

1.7 

8 

— 

_ 

0.0001 

_ 

o  oooi 

— 

0.0004 

-0.021 

1.05 

1.8 

4 

— 

- 

0.0004 

_ 

0.0002 

— 

0.0009 

-0 . 058 

1.10 

2.5 

4 

— 

_ 

0.0005 

_ 

0.0003 

— 

0.0012 

-0.074 

1  .20 

2.1 

6 

— 

— 

0.0003 

— 

0.0002 

— 

0.0008 

-0.051 

1.30 

2  5 

4 

— 
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Table  5.  Continued 
c.  Continued 


Parameter 

Designation 

STEADY-STATE  ESTIMATED  MEASUREMENT • 

Parameter 

Range 

Test  Conditions 

Precision  Index 
(S) 

Bias 

(B) 

Uncertainty 
±(B  +  t95S) 

Percent 
o  I 

Reading 

Unit  of 
Measure¬ 
ment 

Percent 

of 

Reading 

Unit  of 
Measure¬ 
ment 

Percent 

of 

Reading 

Unit  of 
Measure¬ 
ment 

M 

Rc  x  10-6, 
ft"1 

a , 
deg 

wd/2V, 

radian 

0.0055 

. 

0.0074 

_ 

0.0184 

-0.57 

0.30 

1.0 

0.076 

0.0038 

_ 

0.0052 

— 

0.0128 

-0.43 

0.30 

2.5 

0.080 

0.0060 

_ 

0.0061 

— 

0.0181 

-0.70 

0.60 

1.0 

0.040 

o.oo*n 

_ 

0.0030 

— 

0.0112 

-0.50 

0.60 

2.5 

0.042 

0.0068 

_ 

0.0050 

— 

0.0186 

-0.78 

0.80 

1.4 

0.031 

Si  ~  S,i  008  «. 

0.0050 

_ 

0 . 0036 

— 

0.0136 

-0.63 

0.95 

1.5 

0.028 

0.0071 

_ 

0.0045 

— 

0.0187 

-0.82 

0.95 

1.7 

0.027 

0.0064 

_ 

0.0038 

_ 

0.0166 

-0.75 

1.05 

1.8 

0.025 

0.0029 

_ 

0.0017 

_ 

0.0075 

-0.40 

1.10 

2.5 

0.027 

0.0058 

_ 

0.0035 

— 

0.0151 

-0.69 

1.20 

2.1 

0.024 

0.0048 

— 

0.0027 

— 

0.0123 

-0.62 

1.30 

2.5 

0  023 

0.005 

_ 

0.014 

_ 

0.027 

0.24 

0.30 

1.0 

O.OBO 

0.002 

_ 

0.003 

— 

0.006 

0.11 

0.30 

2.5 

0.080 

0.003 

_ 

0.005 

— 

0.011 

0.21 

0.60 

1.0 

0.040 

0.001 

_ 

0.001 

_ 

0.003 

0.10 

0.60 

2.5 

0.042 

C  cos  a. 

0.002 

_ 

0.002 

_ 

0.006 

0.23 

0.80 

1  .4 

0.031 

0 

0.002 

_ 

0.001 

_ 

0.005 

0.19 

0.95 

1.5 

0.028 

,  —1 

0.002 

_ 

0.002 

— 

0.006 

0.36 

0.95 

1.7 

0.027 

HplBfljl 

0.002 

_ 

0.002 

_ 

0.006 

0.35 

1.05 

1.6 

0.025 

0.002 

_ 

0.001 

0.005 

0.32 

1.10 

2.5 

0.027 

0.002 

_ 

0.002 

_ 

0.007 

0.48 

1  20 

2.1 

0.024 

0.002 

— 

0.0009 

— 

0.004 

0.28 

1.30 

2.5 

0.023 

•Abernethy,  R.  B.  et  al .  (Pratt  and  Whitney)  and  Thompson,  J.  W.  (ARO,  Inc.).  "Handbook  - 
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Table  5.  Concluded 
c.  Concluded 


Precision  Index 
(S) 


STEADY-STATE  ESTIMATED  MEASUREMENT* _ 

ndex  Bias |  Uncertainty 

(B)  ±(B  +  t95S) 


Parameter 

Designation 


od  2V.  radian 
(pitch) 


tud/2V.  radian 
( yaw) 


8.7x10"? 
8.7x10  ° 

.  1  K  1  0~? 

2.1x1)*'? 
1.1x10  ? 
1  .  1 x 1 0"? 
1  1  x 10? 
9.7x10  ° 
5. 4x10"" 
1 . 5x10? 
3.9x10 


2 .3x10 _! 
2.3x10  ? 
5.5x10' 
5.8x10° 
2 .7x10"? 
2.8x10  ? 
2.8x10"? 
1.4x10"° 
1  .4x10  ? 
1. lxlo"? 
9.8x10 


3 . 6x10  , 
3.6x10  - 
8.2x10° 
X  lx  10  ° 
4.0x10  ? 
4  .8x10  ? 
4 .7x10  ? 
4.3x10"° 
2.2x10° 
1.8x10  ? 
1.6x10 


9.3x10* 


-  9.6x10 

-  2 . 1  x  1  u" 

-  2.2x10" 

-  1.0x10" 

-  1.3x10 

-  1,2x10" 

-  5.5x10” 

-  5.6x10 

-  4.5x10* 

-  4.1x10" 


■u  ac 
e  c 
o 

O  <m  13 
u  o  rt 
0)  o 
n  b: 


_  5.3x10* 

-  5.3x10  4 

-  1.2x10", 

-  1.2x10  - 

-  0.1x10° 

-  6.9x102? 

-  6.9x10? 

-  6.2x10  ? 

-  3.3x102? 

-  2.8x10  ? 

-  2.4x10 

-  1.4x10"? 

-  1 . 4x*0_? 

-  3 . 2x10? 

-  3.4x10  . 

-  1.6xl0_4 

-  1.8x103; 

-  1.8x10  ? 

-  8.2x10"° 

-  8.4x10  ° 

-  6.7x10? 

-  6.0x10 


2.9x10  ? 
3 .  Oxl  O'? 
1.5x10* 
1.5x10  ? 
1. 2x102? 
1 .OxlO_, 
1.0x10  ; 
1  0x10? 
1.0x10  * 
9.7x\0~' 
9.2x10 


7 . 6x10- 
8.0x10  * 
3.9x1 0"? 
4.2x10? 
3.1x10  ? 
2 . 8x1 0_* 
2 . 7x 10  ? 
2 . 5x10- 
2.7x10? 
2.4x10  2 
2.3x10 


Test 

Condi  lions 

M 

Re  x  10  6 
It"1 

0  30 

1 .0 

0.30 

2.5 

0.60 

1  .0 

0.60 

2.5 

0.80 

1.4 

0.95 

1.0 

0  95 

1 .7 

1.05 

1.8 

1.10 

2.5 

1 . 20 

2. 1 

1.30 

2.5 

0.30 

1.0 

0  30 

2 . 5 

0  60 

1.0 

0.60 

2.5 

0.80 

1.4 

0.95 

1.5 

0.95 

1.7 

1.05 

1.8 

1  .  10 

2.5 

1.20 

2. 1 

1.30 

2.5 
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APPENDIX 

AERODYNAMIC  CHARACTERISTICS  OF  THE  SI)M 


The  data  presented  in  this  section  were  obtained  from  two  sources:  (I)  the  present 
investigation,  which  is  herein  referred  to  as  the  dynamic  test,  and  (2)  previously  unpublished 
static  force  and  moment  data  obtained  at  AEDC,  referred  to  as  the  static  test .  These  data  arc 
presented  in  Figs.  A-l  through  A-3  and  are  compared  with  theoretical  predictions  (Ref.  10) 
where  applicable.  The  data  obtained  during  the  dynamic  test  include  Cm,  Ci11h,  C,1|8  cos 
a,  Cmq  +  Cni|i,  Clt|  -  Cnjj  cos  a,  and  pb/p,  whereas  during  the  static  test,  CN,  CA, 
Q,  Cin,  Cy,  and  C„  data  were  obtained.  Typical  plots  of  the  static  test  data  are  shown  in 
Fig.  A-l.  A  plot  ol  Cm  versus  angle  of  attack  (Fig.  A-ld)  shows  good  agreement  between  the 
data  obtained  from  both  the  static  and  the  dynamic  tests.  Comparison  plots  of  Cm  and  Crili;i 
versus  Mach  number  (Fig.  A-2)  also  show  good  agreement  between  the  static  and  dynamic 
tests.  Typical  plots  of  data  from  the  dynamic  test  are  shown  as  functions  of  Mach  number 
for  two  configurations  (two  different  CG  locations)  in  Fig.  A-3  (pitch  data)  and  Fig.  A-4 
(yaw  data).  For  comparison  with  the  SDM  data,  Fig.  A-5  shows  (he  base-pressure  ratio 
variation  with  Mach  number  for  the  SDM  and  also  shows  base-pressure  ratio  data  obtained 
tor  two  slender  conical  models  with  and  without  a  sting  support.  This  comparison  indicates 
that  the  SDM  and  the  sling-supported  cone  have  generally  the  same  base-pressure  trend. 

At  the  beginning  of  the  dynamic  test,  the  variations  of  the  parameters  Cn,u  +  C11l(;,  Cm<i, 
and  pb/p  with  unit  Reynolds  number  were  investigated  at  selected  Mach  numbers.  These 
results  are  shown  in  Fig.  A-6.  and  indicate  no  significant  Reynolds  number  effects  over  (he 
range  investigated. 

The  eflects  of  model  oscillation  amplitude  (0)  on  the  pitch  and  yaw  dynamic  derivatives 
were  also  investigated,  and  are  shown  in  Fig.  A-7.  The  pitch  dynamic  derivatives  showed  a 
significant  increase  in  dynamic  stability  due  to  amplitude  at  Mach  numbers  0.95  and  1.10, 
and  no  effect  at  the  other  Mach  numbers.  This  trend  is  reasonable,  given  the  variation  of  the 
pilch  dynamic  derivatives  with  angle  of  attack  at  these  Mach  numbers  (Ref.  5)  and  the 
definition  of  these  parameters  obtained  by  the  forced-oscillation  technique  (local  damping 
versus  effective  damping),  which  is  outlined  in  detail  in  Ref.  11.  No  variation  of  the  yaw 
dynamic  derivatives  with  amplitude  was  found,  though  only  Mach  numbers  0.60  and  0.95 
w'ere  investigated. 
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Sym  Source  ds^d  M 

O  Static  Test  8.9  0.4  0.6 


-  Theory  (Ref.  10)  -  -  0.6 

Re  =  2,5  x  106,  ft'1 
Configuration  +B1C1W1V1TOOS1F1I1 


a ,  deg 

a.  Normal-force  coefficient 


-5  0  5  10  15  20  25 

a ,  deg 


0.01 

0 


-0.01 


-5 


b.  Axial-force  coefficient 


r-Theory 


Cj 


T r 

_L_ 


_Q_ 


o  °  °  °'°/°  : 


_L 


_L 


10  15 

a ,  deg 


20 


25 


c.  Side-force  coefficient 

Figure  A-1.  Typical  static  force  and  moment  measurements  of  the  SDIV 
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Sym 

Source 

Vd 

Vd 

M 

O 

Static  Test 

8.9 

0.4 

0. 

6 

A 

Dynamic  Test 

6.0 

0.4 

Theory  (Ref.  10) 

— 

— 

Re  ** 

2.5  x  10®,  ft-1 

Configuration  +B1C1W1V1TOOS1F1I1 


-0 . OOi 
-O. 002 


0.002 
0.  004 

-o  Q  5  10  15  20  25 

a,  dog 

e.  Yawing-moment  coefficient 


- 

1  1  1  1 

_ rr _ : 

o  o  1 
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o 

o 

o 

c 

c 

o 

o 

o 

-o 
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o 

0.001 
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-0.003 

-5 
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o 
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L 
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O 
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10 
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f.  Rolling-moment  coefficient 
Figure  A-1.  Concluded. 


radian 


Sym  a ,  deg  Unf  lagged  Symbols:  Dynamic  Test,  ft  /d  =  6, 0,  d  /d  =  0.4 

A  0 

Flagged  Symbols:  Static  Test,  i  /d  =  8.9,  d  /d  =  0.4 

O  3  as 


Re  =  1.0  x  106  to  2.5  x  106,  ft- 
Con  f igurat ion  +B1C1W1 V1T00S1F11 1 


a.  Pitching  moment 


b.  Pitching-moment  slope 

Figure  A-2.  Comparison  of  pitching-moment  and  pitching-moment  slope 
measurements  obtained  from  two  separate  test  programs. 
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Sym  Configuration  ds/<'d  9 ,  deg  q .  deg 

•  -B2C1W1V1T05S1F1I 1  5.7  0.40  1.0  0 

O  +B1C1W1V1T00S1F1I1  6.0  0.40  1.0  0 

Re  =  1,0  x  106  to  2.5  x  106 ,  ft-1 


M 

a.  Pitch-damping  derivatives 


M 

b.  Pitching-moment  slope 

Figure  A-3.  SDM  center  of-gravity  effects  on  pitching-moment 
derivatives  and  variation  with  Mach  number. 
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Sym 

Configuration 

Vd 

ds/d 

G  ,  deg 

a,  deg 

• 

-B2C1W1V1T05S1F1I1 

5.7 

0.40 

1.0 

0 

O 

Re  = 

+B1C1W1V1T05S1F1I1 

1.5  x  106  to  2.5  x  106 

6.0 

,  ft-1 

0.40 

1.0 

0 

b.  Yawing-moment  slope 

Figure  A-4.  SDM  center-of-gravity  effects  on  yawing-moment  derivatives 
and  variation  with  Mach  number. 
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Figure  A-7.  Oscillation  amplitude  effects  on  the  SDM. 
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NOMKNC1.ATURK 


A 

b 


CA 

CG 

Q 

Cm 


c 


n. 


cos  a 


c„r  -  C„g  cos  a 

C'lijg  cos  a 


Cy 

d 

d, 

ds/d 


Reference  area  (based  on  model  planform  wing  area),  0.90702  ft2 

Model  wing  span,  1.65  ft 

Model  mean  aerodynamic  chord,  0.62233  ft 

Axial-forcc  coefficient .  axial  force/qA 

Center  of  gravity  of  model  (see  Table  1) 

Rolling-moment  coefficient,  rolling  moment/qAb 

Pitching-moment  coefficient,  pitching  momenl/qA  c 

Pitching-moment  coefficient  due  to  pitch  velocity.  dm/d(qe/2V), 
radian- 1 

Pitch-damping  coefficient,  radian-1 

Pitching-moment  coefficient  due  to  angle  of  attack.  3Cni/fla,  radiair1 

Pitching-moment  coefficient  due  to  rate  of  change  of  angle  of  attack, 
d(CMi)/d(&c/2V),  radiair1 

Normal-force  coefficient,  normal  foree/qA 

Yawing-moment  coefficient,  yawing  momciit/q.Ab 

Yawing-moment  coefficient  due  to  angle  of  sideslip,  (3C„/d/3)  cos  «, 
radian  i 

Yawing-moment  coefficient  due  to  yaw  velocity,  3{C11)/3(rb/2V), 
radian-' 

Yaw-damping  coefficient,  radian-1 

Yawing-moment  coefficient  due  to  rate  of  change  of  sideslip, 
[3(Cn)/3(|5b/2V)]  cos  a,  radian-1 

Side-force  coefficient,  side  force/qA 

Reference  length  (model  fuselage  base  diameter),  0.36458  ft 

Effective  sting  diameter  (at  model  base;  see  Figs.  3  and  4),  ft 

Sting  diameter  ratio 
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tr 

?tr/d 

4 

fs/d 
F.  S. 
M 
P 
Pb 

Pb/P 

Pi 

q 

r 

Re 

Re. 

c 

T.  E. 
T, 

V 

W.L. 

a 

dr 

& 

$ 

e 

Cl ) 

ud/2V 


Leading  edge 

Critical  sting  length,  in.  (for  (s  <  fcr,  model  data  are  affected) 

Critical  sting  length  ratio 

Effective  sting  length  (from  model  base  to  sting  flare;  see  Figs.  3  and  4) 
Sting  length  ratio 

Model  fuselage  station  (model  nose  —  0),  in. 

Free-stream  Mach  number 
Free-stream  static  pressure,  psf 
Model  base-pressure,  psfa 
Base-pressure  ratio 

Tunnel  stilling  chamber  pressure,  psfa 

Pitching  velocity,  radian/sec,  or  free-stream  dynamic  pressure,  psf 
Yawing  velocity,  radian/sec 
Free-stream  (unit)  Reynolds  number,  fr1 

Free-stream  Reynolds  number  based  on  model  mean  aerodynamic 
chord  (c),  Re.  =  (Re/ft)  (c) 

L 

Trailing  edge 

Tunnel  stilling  chamber  temperature,  °R 
Free-stream  velocity,  ft/sec 

Model  waterline  (model  longitudinal  centerline  =  10.0),  in. 

Angle  of  attack,  deg  or  radian 

Time  rate  oT  change  of  angle  of  attack,  radian/sec 

Angle  of  sideslip,  deg  or  radian 

Time  rale  of  change  of  angle  of  sideslip,  radian/sec 

Oscillation  amplitude, ’deg 

Oscillation  .frequency,  radian/sec 

Reduced  frequency  parameter,  wc/2V  for  pitch  oscillation,  and  ub/2V 
for  yaw  oscillation,  radian 
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Abbreviations 

A/D 

Analog  to  digital  convener 

AMAPS 

Automatic  Model  Attitude  Positioning  System 

DDAS 

Digital  Data  Acquisition  System 

OC 

Oscillatory  component  of  balance  signal 

SC 

Static  component  of  balance  signal 
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